Human soluble insulin Humulin R U-500 has been in use worldwide for marked insulin resistance but is not specifically licensed in the UK. The Association of British Clinical Diabetologists conducted a nationwide audit of Humulin R U-500 to understand its use in the UK. The results show that 67 out of 119 clinicians who responded to the survey are using U-500R. The commonest indication for using it was a high daily insulin dose. These results are the first glimpse of the practical usage of high strength insulin in the UK and may help our approach to patients with high insulin resistance and the use of newly available higher concentration insulins. Br J Diabetes 2016;16:185-187 
Introduction
Humulin TM R regular U-500 (U-500) has been in use worldwide for many years and is generally used in patients with high insulin resistance to reduce the volume and number of injections. There are no data on its use in the UK, where it is not currently licensed for use.
The activity profile for U-500 is shorter in onset, with a delayed but prolonged peak and extended duration compared with human soluble insulin U-100 (U-100). 1, 2 Efficacy studies of U-500 have already been published. 3, 4 In a retrospective database analysis, U-500 was found to be more economical in pharmacy and overall cost and compliance but with a slightly higher rate of hypoglycaemia compared with U-100. 5 Variability in absorption from day to day and from different parts of the body appears to be lower than for U-100. 6 The onset, peak action and duration is more similar to neutral protamine Hagedorn (NPH) insulin than to human soluble insulin and the effect can last for 24 hours or more. 6, 7 The recommended doses are therefore twice daily, unless the requirement is very high when a third dose or administration via an insulin pump may be considered. [8] [9] [10] U-500 can reduce mean HbA1c with fewer injections, but the body weight, insulin dose and hypoglycaemic episodes increase. 11, 12 There is an added risk of error with U-500 as there is no dedicated device for administration. The use of syringes calibrated for U-100 insulin means that the dose indicated does not match the number of units delivered, increasing the chance of user error. As this insulin remains unlicensed in the UK, there are issues of funding and responsibility for treatment within the NHS structure.
Concentrated insulin for insulin pump
Concentrated insulins in insulin pumps have not been adequately studied. None of the pumps are calibrated for dosing concentrated insulin and the risk of errors in dosing mirror those of using a syringe. U-500 dose rates and ratios may be converted either by dividing or multiplying by 5 for continuous subcutaneous insulin infusion (CSII). [13] [14] [15] U-500 in insulin pumps has been evaluated in small retrospective studies and one prospective study, as well as a few case reports. [13] [14] [15] [16] 
Methods
Members of the Association of British Clinical Diabetologists (ABCD) were invited to participate in a nationwide audit of U-500 to understand its use in the UK (see Appendix 2 for survey questions distributed by SurveyMonkey, available online at bjd-abcd.com). Responders were self-selected after recruitment approaches delivered by social media and direct mailing. The survey was deliberately simple to complete and was based on recall and perception rather than asking for concrete data. This was intended to increase engagement while aiming for a reasonable assessment of the scope and magnitude of U-500 insulin use in the UK.
Results of the ABCD audit
Fifty-two of the 119 clinicians who contributed to the survey had no patients on U-500. Those who used U-500 were not evenly distributed geographically across the UK (see map in Figure 1) , with no responders from Wales and a geographical gradient favouring the south of England.
The audit showed that the use of U-500 in the UK is quite variable. Most centres are using it in very few patients, but some centres are using it more frequently (Table 1) .
Funding for U-500 is difficult as it is not a licensed product in the UK. CCG/GP-based funding for U-500 was not associated with perceived indications for U-500. Hospital-based funding was associated with the indication for use being higher insulin doses (generally in excess of 200 units per day as a total daily dose). Interestingly, private funding did not correlate with the indication being patient choice. The reason might be that funding decisions were based on the licence for U-500 and therefore were restricted for all patients, regardless of the indication for use or patient choice (Table 2) .
Belief in dose errors correlated with the perceived risk of hypoglycaemia and weight gain but not expected HbA1c benefit. It was also unrelated to the number of patients being treated by the clinician (Box 1).
Challenges of high strength insulin and the potential solutions
Using high strength insulin is associated with the potential for error. This may be mitigated by a structured system of patient education, alert triggers on hospital systems identifying these patients and clear understanding amongst health professionals and patients about the insulin concentration being used.
Administration of U-500 dose by volume using a tuberculin syringe is the technique that has been recommended by the Institute for Safe Medication Practices. 17 These syringes are only available with larger needles, are not covered by most insurers and are rarely available in pharmacies. These difficulties may delay the initiation and appropriate use of this medication.
Recently, additional high strength insulins have become available for use in patients with high insulin requirement. Insulin degludec 200 units/ml (IDegU200) is available with a pen, but with the same brand name as insulin degludec 100 units/ml (IDegU100). The problem of misunderstanding units is mitigated to a large extent by the dose counter window for IDegU200 displaying doses in actual units. Each click is equivalent to a twounit increment in dose. The dose delivered is therefore what you see on the dial.
Insulin glargine 300 units/ml (IGlarU300) has a different brand name (Toujeo TM rather than Lantus TM ), which would also • We use in CSII regime for patients with marked insulin resistance and very high total insulin dose • Daily dose greater than 300-400 units and poor control • Case-by-case basis • Increasing problems with injection site reactions with patients on high dose single injections • Doses >250 of basal insulin in a basal bolus regime after all oral options exhausted and GLP-1/bariatric surgery considered • Used during pregnancy • Works fine in pumps too mitigate the chance of confusion and error. 18 The pen for IGlarU300 is SoloSTAR which can only go up to 80 units in one dose, adding another layer of safety.
Another way to avoid confusion could be to use tables for conversion and wallet cards. 19, 20 The European Medicine Agency is consulting on guidance to minimise the risk of error with the use of insulin in high concentration alone (U-200, U-300 and others) or in combination with other medicines. 21 Conclusions U-500 is being used with mixed indications and mixed results throughout the UK. The factors limiting its uptake may well relate to the fact that it is being used 'off licence', clinician experience and familiarity varies significantly, different hospital trusts and health authorities have different funding policies, administration is difficult, there is no simple dedicated delivery device and the evidence of efficacy and adverse effects are somewhat mixed. It will be interesting to see how it fares as new insulin strength products come onto the market backed by more trial data, smart pen devices and better marketing. 22 
Key messages
• There is considerable variation in the use of U-500 insulin in the UK • The commonest indication is insulin resistance requiring high doses • A number of concentrated insulin preparations like U-200, U-300, U-400 and U-500 provide additional options in these patients
